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(54) Non-aqueous electrolyte rechargeable battery 

(57) A non-aqueous electrolyte rechargeable bat- 
tery (26) is provided with a switch element (A1 ) in a cir- 
cuit for connecting the battery to an external power 
source (38), the switch element being operable in re- 
sponse to a change in temperature of the battery, there- 
by disconnecting the battery from the circuit and estab- 
lishing a short circuit across the positive electrode and 
the negative electrode/the switch element being capa- 
ble of restoring to its initial state in response to a change 
in temperature of the battery. 
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Description 

[0001] The present invention relates to a non-aqueous electrolyte rechargeable battery, and particularly to an im- 
^ZtS^Ce^e,es having high energy density are widely used as power source tor 
ponable 2S£SS2?WM. non-aqueous rechargeable batteries including lithium ^^^^SZ 
In polymer batteries can output a high voltage, it is essential to ensure that in no circumstances should the ettenes 
let liquid electrolyte leak and it is desirable that the batteries maintain their high performance even under harsh con- 

S>3] Battery characteristics may deteriorate when the battery is used under a condition exceeding an appropriate 
anae of voiaae or temperature Also, if the battery is subjected to over-charging or left at high temperature leakage 
7Z«Ze™7^™°* « rise in interna, pressure. Accordingly, various protective devices for batter,es have 

rao e o n 4? r0 For e exam P le Japanese Laid-open Patent Application No. 8-1 85849 proposes a protective device having a 
sZe LelTZno shut off the electricity supply from outside of the battery upon an abnormal rise in tempera 
SoaneTeTaid-open Patent Application No 11-40204 teaches separation of the battery from a charging circuit upon 
detecting n£ ° "he internal pressure or temperature of the battery. It a.so proposes protection of battery from over- 
cSng'by he use of a varistor element that operates at a vo.tage exceeding a predetermined value, apanese La.d- 
open Patent Application No. 10-255757 proposes a protective device having a shape-memory a. oy to cause short- 
0^^! the positive and negative electrodes upon detection of an abnormal rise ,n the temperature of the 

P05l' While the protective devices proposed by the above-mentioned Japanese Laid-open Patent Application No^ 
8 1 85849 and No 11 -40204 provide safety measures for preventing over-charging of the battery, the battery after the 
pmSe devi« 'has been operated is in an over-charged state. Thus there remains the riskthat leakage of electrolyte 
25 may occur or that the battery characteristics may deteriorate. Drevents 0 ver- 

rO0061 The protective device disclosed in Japanese Laid-open Patent ApphcaHon No. 10-255757 prevents over 
Sam ngl L StteTby causing the battery to discharge, and therefore, the battery is sti.l connected to the charging 
S after the protective device has been operated. Thus there is the risk that the battery may be further charged 

K^^e^tTntlThas been devised in view of the above-described problems in prior art, and it is an 
obiect of the invention to improve the reliability of non-aqueous electrolyte rechargeable battenes. 
$08] To achTevethe object, a non-aqueous electrolyte rechargeable battery according* one aspect ^he^enbon 
ncludes a switch elemen provided in a circuit for connecting the battery to an external power source^ The switch 
element is op" rable in response to a change in temperature of the battery, thereby disconnecting the battery from the 
cS and establishing a short circuit across the positive electrode and the negative electrode^ the sw,tch element 
being capable of restoring to its initial state in response to a change in temperature of the battery. 
[0009] Anon aqueous electrolyte rechargeable battery according to another aspect of the invention includes a clo- 
sure 1 assembly for closing the open top end of a battel case that is electrically connected to the electrode o first 
XrTheXsure l!Z2£ includes an external terminal, an internal terminal electrically connected to the electrode 
KSno^^-tS element in e.ectrica, contact with both of the externa, terminal and the internal ermmaL 
and aWnke conductive element electrically connected to the battery case and electrically msulated from both of the 
eierna UeS and the interna, terminal. The switch element disconnects itself from the externa terminal and makes 
Metric! c7n tact with the ring-like conductive element in response to a change in temperature of the batteo', thereby 
fa eak inq eSSaTconnection between the battery and an external power source and establishing a short circuit to 
45 £ZS£^Mmr*. the switch element being capable of restoring to its initial state in response to a change 
ir aempe^url onhe battery 9 thereby re-establishing electrical connection between the battery and the external power 

[0°oToT Preferred embodiments of the present invention will be hereinafter described with reference to the accompa- 
nying drawings, in which; 

Figure 1 is a schematic top plan view of a battery according to one embodiment of the present invention before a 
switch element is mounted thereto; 

Figure 2 is a schematic cross-sectional view of the battery; 

Figure 3 is a perspective view of the battery with a switch element mounted thereto; 

Figure 4 is a schematic cross-sectional view of a switch element provided in the battery; invpntion . 
Figure 5 is a vertical cross-sectional view of a battery according to another embod.ment of the present invention, 
Fiaure 6 is a cross-sectional view of a switch element provided in the battery, and 

Figures 7A and 7B are schematic circuit diagrams, respectively showing an initial state of the switch element 
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same time causes the battery to discharge. 

[0020] Instead of providing the switch element A1 on the bag 21 on the side where the input/output terminals are 
drawn out, it may be located anywhere at which it is connected to the circuit across the battery 26 and an external 
power source and to the discharging circuit, and at which it can detect the battery temperature. The temperature- 
5 sensitive element 1 may of course be provided on the side of the negative electrode. The shape memory alloy employed 
for the temperature-sensitive element 1 in this embodiment restores to its initial shape at a temperature around 25°C. 
It should go without saying that the temperature range of the shape memory alloy is not limited to the example given 
above, but may be set as required in accordance with battery size, performance, and the range of temperatures at 
which the battery is used. 

10 [0021] As described above, should the battery be subjected to excessive charging, the charging is made to stop in 
response to a rise in temperature of the battery, and at the same time the battery is made to discharge. Because of 
the restorable characteristic of the shape-memory alloy, the switch element A1 permits itself to be repeatedly used, 
thus allowing the battery to be reused. 

[0022] Figure 5 is a vertical cross-sectional view of a lithium ion rechargeable battery according to another embod- 

*s iment of the present invention. 

[0023] The positive electrode 28 is composed of a collector made of aluminum foil and a positive electrode active 
material layer formed on both surfaces of the collector. The active material for the positive electrode is prepared in the 
form of a paste obtained by mixing LiCo0 2 , acetylene black as a conductive material, and polytetrafluoroethylene as 
a binder in an aqueous solution of carboxy methyl cellulose. The paste thus obtained is applied onto the collector and 

20 dried. 

[0024] The negative electrode 29 is composed of a collector made of copper foil and a negative electrode active 
material layer formed on both surfaces of the collector. The active material for the negative electrode is prepared in 
the form of a paste obtained by mixing mesophase microspherical powder particles graphitized at high temperature of 
2800°C, and styrenebutadiene rubber in an aqueous solution of carboxy methyl cellulose. The paste thus obtained is 

25 applied onto the collector and dried. 

[0025] The positive electrode 28 and the negative electrode 29 are superposed with a polyethylene-based porous 
film 30 interposed therebetween, and wound around to constitute an electrode group, which is then accommodated in 
an aluminum-made battery case 10. A switch element B1 is incorporated in a closure assembly 37 for sealing the 
battery case 1 0. A positive electrode lead 31 of aluminum is drawn out from the positive electrode 28 such as to make 

30 electrical contact with the battery case 1 0, while a negative electrode lead 32 of copper is drawn out from the negative 
electrode 29 and electrically connected to the switch element B1 . 

[0026] For the electrolyte, 1.5 mol/l of LiPF 6 dissolved in a mixed solution of ethylene carbonate (EC), diethyl car- 
bonate (DEC) and methyl propionate (MP) in the volume ratio of 30:50:20 was employed. 

[0027] The switch element B1 includes, as shown in Figure 6, an external terminal cover 4 made of metal that serves 
35 as an external terminal of the negative electrode, an internal terminal cover 6 made of metal to which the negative 
electrode lead 32 is connected, a gasket 7 made of insulating material, a metal ring 5, an insulating plate 8, and a 
temperature-sensitive element 9 composed of shape-memory alloy which is initially contacted to both of the external 
terminal cover 4 and the internal terminal cover 6, thereby electrically connecting the two. The internal terminal cover 
6 makes partial contact with the temperature-sensitive element 9, and part thereof which is not in electrical contact 
40 with the temperature-sensitive element 9 is covered by an insulating member 1 1 . The structure of the external terminal 
cover 4 and the internal terminal cover 6 may be interchanged. The gasket 7 is arranged surrounding the outer periphery 
of the external terminal cover 4, the insulating plate 8, the temperature-sensitive element 9, and the internal terminal 
cover 6. The ring 5 is arranged at the outer periphery of the gasket 7. 

[0028] The ring 5 is electrically connected to the battery case 10, and has a projection 12 extending inwards on an 
inner side thereof. The projection 12 of the ring 5 extends inwards through a hole 13 formed in the gasket 7, and sits 
on the insulating member 11 at an inner side of the gasket 7. 

[0029] The temperature-sensitive element 9 is interposed between the internal terminal cover 6 and the insulating 
plate 8, being electrically connected to both of the internal terminal cover 6 and the external terminal cover 4 as men- 
tioned above. The shape-memory alloy forming the temperature-sensitive element 9 deforms when the battery tem- 
perature exceeds 60°C : detaching from the external terminal cover 4 and making contact with the protrusion 12 of the 
ring 5 through a resistor R placed thereon. Thus the battery is separated from the external power source and discharged 
through a short circuit established by the temperature-sensitive element 9. 

[0030] The shape-memory alloy restores to its initial shape at around 25°C, but the temperature range of the shape- 
memory alloy may be set as required depending on the size and performance of the battery.The switch may be located 
55 anywhere at which it is connected to the circuit across the battery 36 and an external power source, and at which it 
can sense the battery temperature. 

[0031] Figure 7A and Figure 7B are schematic diagrams of the charge/discharge circuit of the above-described 
batteries 26, 36 according to the invention, given in explanation of the mechanism how the switch element A1 or B1 
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[0038] As can be seen from Table 2, the batteries provided with the switch elements according to the invention 
exhibited superior high -temperature storage characteristics. 

[0039] The temperature-sensitive element of the switch element of the invention should not be limited to the shape- 
memory alloy as has been described above, but may be any member that can operate in response to a change in 
s temperature. 



Claims 

10 1 . A non-aqueous electrolyte rechargeable battery, comprising: 

an element for electromotive force (18) including a positive electrode (15) and a negative electrode (16); 
a battery case (21) for accommodating the element for electromotive force therein; and 
a switch element (A1 ) attached to the battery case and interposed in a circuit for connecting the battery to an 
15 external power source, the switch element being operable in response to a change in temperature of the 

battery, thereby disconnecting the battery from the circuit and establishing a short circuit across the positive 
electrode and the negative electrode, the switch element being capable of restoring to its initial state in re- 
sponse to a change in temperature of the battery. 

20 2. The non-aqueous electrolyte rechargeable battery according to Claim 1 , wherein the switch element includes 

a temperature-sensitive element (1); 

a first conductive plate (3a) connected to one of the positive electrode and the negative electrode and disposed 
on one side of the temperature-sensitive element; and 
25 a second conductive plate (3b) connected to the other one of the positive electrode and the negative electrode 

disposed on the otherside of the temperature-sensitive element opposite from the first conductive plate, where- 
in 

the temperature-sensitive element is in contact with either one of the first conductive plate and the second 
conductive plate, and deforms to contact the other one of the first conductive plate and the second conductive 
30 plate in response to a change in temperature of the battery. 

3. The non-aqueous electrolyte rechargeable battery according to Claim 2 wherein the temperature-sensitive element 
is made of shape-memory alloy. 

35 4. A non-aqueous electrolyte rechargeable battery comprising: 

an element for electromotive force including an electrode of first polarity (28) and an electrode of second 
polarity (29); 

a battery case (1 0) having an open top end for accommodating the element for electromotive force, and being 

40 electrically connected to the electrode of first polarity; and 

a closure assembly (37) for closing the open top end of the battery case, including an external terminal (4), 
an internal terminal (6) electrically connected to the electrode of second polarity, a switch element (9) in elec- 
trical contact with both of the external terminal and the internal terminal, and a ring-like conductive element 
(5) electrically connected to the battery case and electrically insulated from both of the external terminal and 

45 the internal terminal, wherein 

the switch element (9) disconnects itself from the external terminal and makes electrical contact with the ring- 
like conductive element (5) in response to a change in temperature of the battery, thereby breaking electrical 
connection between the battery and an external power source and establishing a short circuit to cause the 
battery to discharge, and wherein the switch element restores to its initial state in response to a change in 

50 temperature of the battery, thereby re-establishing electrical connection between the battery and the external 

power source. 

5. The non-aqueous electrolyte rechargeable battery according to Claim A, wherein the electrical insulation between 
the ring-like conductive element (5) and the external terminal (4) and the internal terminal (6) is effected by a ring- 
55 like gasket (7) disposed on an inner peripheral side of the ring-like conductive element, the external terminal and 

the internal terminal being arranged on an inner side of the ring-like gasket, the ring-like conductive element having 
an inwardly extending protrusion (12) passing through a hole (13) formed in the ring-like gasket towards between 
the external terminal and the internal terminal. 



7 

BNSDOCID: <EP 1 1 46579A2_I_> 



EP1 146 579 A2 



Fig. 1 




EP 1 146 579 A2 



I 



Fig. 5 




BNSDOCID: <EP 1 1 46579A2_I_> 



11 



EP 1 146 579 A2 



Fig. 7 A 



38 



A1.B1 



R 

AAr 



26,36 




A1.B1 



BNSDOCID: <EP 1146579A2_M> 



13 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(id EP 1 146 579 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

16.07.2003 Bulletin 2003/29 

(43) Date of publication A2: 

17.10.2001 Bulletin 2001/42 

(21) Application number: 01303158.8 

(22) Date of filing: 03.04.2001 



(51) mtci 7: H01M 2/34, H01H 37/32, 
H01 H 37/52 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NL PT SE TR 
Designated Extension States: 
AL LT LV MK RO SI 

(30) Priority: 12.04.2000 JP 2000110269 

(71 ) Applicant: MATSUSHITA ELECTRIC INDUSTRIAL 
CO., LTD. 

Kadoma-shi, Osaka 571-8501 (JP) 



(72) Inventors: 

• Kaito, Tsuyoshi 

Kyoto-shi, Kyoto 610-1101 (JP) 

• Mino, Shinji 

Ibaraki-shi, Osaka 567-0036 (JP) 

• Yoshizawa, Hiroshi 
Hirakata-shi, Osaka 573-0151 (JP) 

(74) Representative: Rackham, Stephen Neil 
GILL JENNINGS & EVERY, 
Broadgate House, 
7 Eldon Street 
London EC2WI 7LH (GB) 



(54) Non-aqueous electrolyte rechargeable battery 

(57) A non-aqueous electrolyte rechargeable bat- 
tery (26) is provided with a switch element (A1 ) in a cir- 
cuit for connecting the battery to an external power 
source (38), the switch element being operable in re- 
sponse to a change in temperature of the battery, there- 
by disconnecting the battery from the circuit and estab- 
lishing a short circuit across the positive electrode and 
the negative electrode, the switch element being capa- 
ble of restoring to its initial state in response to a change 
in temperature of the battery. 
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